The Profotheca is an ovoid unicellular plant consisting of a hyaline refractile cellulose wall surrounding a granular cytoplasm with a single nucleus. In histologic sections the organism appears similar to Crqiptococcus, Candida, Blastomyces, and Pneumocystis.
inoculated intravenously or intraperitoneally produced peritonitisll. In 1952 LER-CHE incriminated a species of Prototheca as the cause of a form of mastitis of cattleg, and in the same year MEHNERT demonstrated Prototheca in the feces of swinelo. In 1955 AINSWORTH and AUSTWICK reported the recovery of Prototheca from milk from a cow with mastitis'.
In 1964 DAVIES, SPENCER, and WAKELIN reported the first naturally occurring case of protothecosis in man4. They isolated the organism from a thickened, rugose skin lesion on the dorsum of the foot of a rice farmer from Sierra Leone, and demonstrated the organisms in tissue sections of the lesiod. In 1967 DAVIES and WILKINSON reported that the cutaneous protothecosis had resisted medical treatment, had responded to surgical excision, and had recurred with concomitant femoral lymphadenitis and cellulitis of the foots. Numerous Prototheca were isolated from the excised femoral lymph node, and many were present in sections of it5. The organism was named Prototheca segbwema4.
In 1968 FRESE and GEDEK reported a case of cutaneous protothecosis in a deer caused by P. yopfii6. The organisms were present in the skin lesion, in adjacent bone, and in the regional lymph nodeso. Subsequently SCHIEFER and GEDEK described experimental protothecosis of the bovine mammary gland and experimental infection of mice12.
Late in 1968 KLINTWORTH, FETTER, and NIELSEN reported the second case of human protothecosis. They isolated P. wickerhamii from a papulopustular cutaneous lesion of the distal leg of a 45-year-old woman from North Carolina. The protothecosis occurred as a late complication in a patient debilitated by metastatic mammary carcinoma, which had also been complicated by herpes zoster, oral candidiasis, urinary tract infections, diabetes mellitus, hirsutism, and Cushingoid appearance. Protohca were demonstrated in the lesion by both light and electron microscopy7.
This paper is the first report of a naturally occurring case of protothecosis in the dog. We are aware of three additional cases of canine protothecosis.
History
A 9-year-old brown, female boxer dog from Rochester, New York was referred to the Small Animal Clinic, New York State Veterinary College, Ithaca, because of intractable chronic iritis. The referring veterinarian* had been treating the dog for polyuria and polydipsia for 8 to 10 months. As the illness progressed the dog developed polyphagia and a dull dry hair coat. Six weeks prior to referral a bilateral iritis appeared, followed by blindness of the right eye, and then of the left. Three weeks prior to referral the dog began to pass bloody unformed stools.
Clinical Features
The dog was admitted to the Small Animal Clinic, N.Y. State Veterinary College on June 14, 1963. It appeared blind, depressed, and restless, and it had a gait which suggested arthritis of the right hind limb. The dog quivered frequently and would cry out in pain when handled.
The eyes appeared similar, except that the right was hypotonic (5 mm Hg) and the left was glaucomatous (38 mm Hg). The conjunctivae were dull red and conjunctival vessels were engorged and tortuous. Each eye had a bluish purple flush to the sclera at the limbus, which merged indistinctly with a deep steamy gray cornea. The corneal opacity was most severe at the periphery and diminished to an almost transparent center. The irides appeared swollen and discolored with irregular indistinct pupillary margins. The pupils were persistently small and the irides did not respond to atropine.
The dog was hospitalized for several days while laboratory tests were performed. Urine was examined on two occasions 3 days apart. Each time the specific gravity was 1.012 and on the first examination, June 14, 'yeasts' were found in the sediment. Other parameters of the urinalyses were within normal limits as were the hematologic findings on June 17. It was fed a 'reduced protein' diet,** and the eyes were treated with atropine and chloramphenicol. Because of the apparent hopelessness of the eye condition and the complicating chronic nephritis, arthritis, and bloody diarrhea, euthanasia was carried out on June 25.
* Dr. L.I. BLOSTEIN, Rochester, New York.
Autopsy was performed several hours after death. The dog was thin, and the eyes appeared as described above.
The cut surface of the ventricular myocardium was diffusely speckled and streaked with firm, irregular, light gray to white foci of 2 to 3 mm diameter. The liver was deep red in color and firmer than normal, and its lobular architecture was prominent on serosal and on cut surfaces. The kidneys were firmer than normal and the surfaces were irregularly pitted by pinhead-size, gray depressed foci. The cut sections revealed cortices of uniform thickness, which were speckled and streaked by gray foci .5 to 2 mm in diameter. The streaks, which were several mm long, radiated through the cortex and medulla toward the renal pelvis.
Both femurs had irregular raised exostoses along the margins of the articular surfaces of the medial condyles.
Histopathology
Tissues were fixed in 10% formalin, embedded in paraffin, sectioned at 6 p, and stained with hematoxylin and eosin.
Aggregates or colonies of a unicellular yeast-like organism identified histologically as Prototheca sp. * * were found in myocardium, liver, kidneys, paraadrenal connective tissue, brain, and eyes.
The Prototheca numbered 1 to 3 or 4 in foci in the brain and from 50 to 200 in foci in other tissues ( Fig. 1-3 ). There was no particular arrangement to the aggregates of organisms in most tissues, but in the renal cortex they appeared wrapped within swirls of host cells in the form of nodules, and in the myocardium they were arranged in organized round to oval colonies with peripheries which radiated into the host tissue in a fashion similar to that of Actinomycer colonies (Fig. 1) . A homogeneous amorphous eosinophilic material occurred at the centers of the larger colonies.
The smallest organisms were round and 5 p in diameter. Oval forms, 5 ,u in width and 6-7 p long or slightly larger were most numerous (Fig. 3) . The largest organisms were oval, 10 x 16 ,u in size, and contained 8 daughter cells (Fig. 3 inset) .
Within the organized colonies of the myocardium, the smaller organisms were found at the center, and the larger dividing forms peripherally. A number of the 5 to 7 , LA size organisms were indented, flattened on one side, or collapsed like an everted hollow rubber ball.
The organisms were composed of a light staining basophilic cell wall surrounding an unstained cytoplasm. The color of cell walls gave an overall bluish gray opaqueness to the cells. The cell walls were strongly PAS positive, and the cells stained well with silver stains. Many of the smaller organisms possessed an eccentric nuclear mass which was approximately 1/3 the size of the cell. The nuclear mass was irregular in shape, indistinct in outline, and stippled pale pink in hematoxylin and eosin sections. The nuclear mass appeared to possess a nucleolus. Many of the smaller organisms had no nuclei. Many medium to large sized organisms possessed from 2 to 8 spherical daughter cells (endospores) which in turn had nuclei.
In whatever tissue they occurred, the Prototheca elicited very little cellular response by the host. In myocardium, colonies were randomly distributed and were accompanied by few lymphocytes, plasma cells, reticulum cells, and fibroblasts, and rare eosinophils (Fig. 1) .
In the liver, few scattered organisms occurred in portal areas, between the vessels and bile ducts, and they were accompanied by lymphocytes, plasma cells, and eosinophils. The liver was congested.
In kidney, numerous granulomas, containing 40-50 organisms each, were distributed focally through the cortex (Fig. 2) . The organisms were surrounded by few lymphocytes, plasma cells, and fibroblasts. Bowman's spaces were dilated and glomeruli and capsules were hyalinized. Numerous aggregates of organisms accompanied by few to no inflammatory cells occurred interstitially in the renal medulla.
In the connective tissue surrounding each adrenal, several aggregates of Prototheca were accompanied by few lymphocytes and plasma cells. From a colony in the myocardium. Grocott, x 1400.
In seven brain sections there were 9 foci of 10-20 glial cells, each surrounding 1-3 Prototheca. The foci were randomly distributed; 0-2 foci occurring in each section.
The eyes were severely damaged. In each the entire retina was a detached loose web of necrotic host cells, erythrocytes, and numerous (several hundred per eye) Prototheca. The retinas were displaced into the vitreous body. The vitreous body contained retina, organisms, and blood. The choroid was congested but free of inflammatory cells and Prototheca. The ciliary body and iris were greatly congested and contained a few foci of lymphocytes and plasma cells. Scleral vessels were congested and the corneas were edematous.
The glaucomatous left eye had blood in the posterior chamber, and the lens appeared normal. The shriveled, hypotonic right eye had eosinophilic acellular fluid between the sclera and choroid, displacing choroid and retina inwardly. The lens was cataractous, "bladder cells'' forming a subcapsular cortical layer 10 to 12 cells in depth.
The pancreas and jejunum were free of lesions. Other tissues were not examined histologically.
Discussion
The Prototheca are classified as colorless algae of the family Chlorellaceae. The yeasts, the protozoa, and the colorless algae are evolutionary relatives, in that each is but a short step removed from the colored algae-those one-celled organisms which possess chloroplasts and which manufacture carbohydrate by photosyn-thesis". The former having "lost" their chloroplasts are dependent upon other sources of nutrition, i.e., the assimulation of organic substances or phagocytosis13. The morphologic and pathogenic similarities which can be recognized among the pathogenic yeasts Blastomyces, Cv_liptococcus, and Candida, the Prototheca, a colorless alga, and the Pneumocystis, a protozoa, are not surprising considering their proximity to one another on an evolutionary scale.
As a parasite or pathogen of man and animals, the Prototheca appears to possess little virulence. It apparently disseminates slowly, causes little destruction of parenchymatous tissues and does not evoke a febrile response. Thus Davies' patient survives after 7 years of protothecosis5. The dog we described may have been infested for as long as 10 months.
The Prototheca can be distinguished histologically from the pathogenic yeasts by their characteristic endosporulation (Fig. 3 inset) agar, Sabouraud's glucose peptone agar, and brain heart infusion cystine agar7. Isolation attempts were not made in our case. The dog we have described apparently suffered most from the chronic nephritis produced by the great numbers of Prototheca in the kidneys. It is interesting to note that '' yeasts"were seen in urine sediment at one urinalysis. The dog apparently showed no signs of cardiac distress in spite of the fact that the myocardium was riddled with Prototheca colonies.
It is unfortunate that sections of large intestine were not saved for histopathology, for the bloody diarrhea must go unexplained. A recent case of protothecal enterocolitis observed by one of the authors (H. J.V.) suggests that the colon in our case may have been infiltrated by the organisms. The affinity of the Protofheca for ocular tissues in this case and in one other dog (F.M.G.) suggests that future cases of protothecal ophthalmitis may be anticipated.
Although the mechanism of infection in naturally occurring cases is not fully understood, Prototheca should be regarded as facultative pathogenic organisms. Increasing the threat of protothecosis is the fact that no medication has been effective in eliminating the organisms from the affected hosts. This is the first report of a spontaneous case of protothecosis in the dog, an infection with organisms of the algal genus Prot0theL.a. Clinically the animal had chronic bilateral iritis accompanied by glaucoma of one eye and hypotony of the other, chronic nephritis, arthritis, and bloody diarrhea. Lesions containing the algae occurred in myocardium, liver, kidneys, para-adrenal connective tissue, brain, and eyes.
